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Abstract 
The palm pressed fiber (PPF) was treated either with NaOH 10% (w/v) and boiling for 15 min or H2SO4 0.5% 
(v/v) and autoclaved at 121 ๐C for 60 min. The PPF residues after pretreatment with NaOH, H2SO4 and both were 
63.28, 62.20 and 47.00 % (w/w), respectively. The pretreatment with both NaOH and H2SO4 reduced significantly 
lignin content and the highest cellulose content of 76.32 % (w/w) was obtained. The ABE production using pretreated 
PPF as a carbon source was attempted in a single culture of Clostridium acetobutylicum DSM 1713 and a mixed 
culture of C. acetobutylicum DSM 1713 with Bacillus cellulolyticus JCM 9156 with and without addition of 
cellulase. It was found that the single and mixed cultures with the addition of 30 U cellulase gave the ABE production 
of 3.97 and 3.95 g/L, respectively, at 144 h. While the cultures without cellulase produced much less ABE (0.25-0.49 
g/L). Although, the mixed culture did not improve ABE production, it could reduce the use of reducing agent and 
nitrogen gas to ensure the anaerobic condition. The optimum condition for ABE production by the mixed culture 
using pretreated PPF was 5.0 g/L PPF and 9.0 g/ L isolated soy protein (ISP), at pH 6.5, 37 ๐C, 60 rpm with the 
addition of 30 U cellulase. At this condition, 4.95 g/L of ABE was obtained at 144 h. 
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1. Introduction 
In response to rising gasoline prices, constant conflicts in the oil-supply region of the world, and 
depletion of fossil fuels, research and commercialization activities directed toward production of 
renewable fuels and chemicals such as ethanol and butanol have increased. Butanol, a product of ABE 
(acetone butanol ethanol) fermentation, is an excellent feedstock chemical (in the plastics industry), and 
more importantly, a superior fuel compared to ethanol. Butanol contains 22% oxygen making it a 
beneficiary fuel extender that is cleaner burning than ethanol [1]. The agricultural raw materials that can 
be used to produce ABE divided into 3 categories: sugar, starch and lignocellulosic raw materials. 
Lignocellulosic raw materials mostly from agricultural wastes are a large quantity of raw materials and 
non-human sources such as bagasse, rice straw, corn cobs, palm empty fruit bunch, palm pressed fiber 
(PPF). The major component of these wastes is cellulose, which the microbial can change to butanol by 
fermentation. Currently palm oil industry has been expanded production in Thailand and it produces a lot 
of PPF as wastes from the process. Therefore, PPF was considered as one suitable lignocellulosic raw 
material for butanol production. In nature, many species of microorganisms coexist by interacting with 
each other, while many species of microorganisms are most effective only when they are present in 
association with other groups of organisms. Microorganisms that can produce butanol is Clostridium 
bacteria, which is anaerobic that can be found at the degradation of cellulose occurs, such as rice paddy 
soils [2], and water retting pond, coexistence of these anaerobic and aerobic bacteria have been assumed 
to be important for effective cellulose degradation. Aerobic bacteria species of the genus Bacillus are 
interesting by their high growth rate, ability to secrete many kinds of saccharification-related extracellular 
enzymes such as cellulase, gelatinase, pectinase, amylase and proteases, where could hydrolysis complex 
insoluble compounds to soluble monomers [3]. In this study, PPF was used as a raw material to produce 
ABE. The optimal condition for pretreatment of PPF was determined. The ABE production from 
pretreated PPF by single culture of Clostridium sp. and mixed culture with Bacillus sp. was attempted. 
The suitable medium composition for ABE production from pretreated PPF was investigated. 
2. Materials and Methods 
2.1 Palm pressed fiber (PPF) 
Palm pressed fiber was kindly received from JK Industries Import Export Co., Ltd., Songkhla and sun-
dried for 2 days, then stored in the plastic bag and kept at room temperature. 
2.2 Microorganisms and enzyme 
Clostridium acetobutylicum DSM 1731 was purchased from German Collection of Microorganisms. 
The stock culture was maintained in the form of a spore suspension in 25 % glycerol and frozen at -20 ๐C. 
Cellulase producing Bacillus cellulolyticus JCM 9156 was purchased from Japan Collection of 
Microorganisms. The stock culture was maintained at 4 ๐C on a nutrient agar slant and subcultured 
monthly. Cellulase from Trichoderma reesei (5 U/mg-solid) was purchased from Sigma Chemical Co. (St 
Louis, MO).  
2.3 Inoculum preparation 
C. acetobutylicum DSM 1713 was heat shocked at 75 ๐C for 3.5 minutes and on ice for 1 minute [4]. 
The heat shocked spores then were anaerobically pre-cultured in a Reinforced Clostridia Medium (RCM, 
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Oxoid) medium (1 L RCM medium contains: 10 g meat extract; 5 g peptone; 3 g yeast extract; 5 g 
glucose; 1 g soluble starch; 5 g sodium chloride; 3 g sodium acetate; 0.5 g L-cysteine). It was incubated 
under static condition at 37 ๐C for 18-24 h when the log phase was reached. B. cellulolyticus JCM 9156 
was aerobically pre-cultured in a nutrient broth (NB) medium under shaking condition at 200 rpm and 37 
๐C for 18 h when the log phase reached [3,5]. 
2.4 Fermentation 
The culture conditions with and without anaerobic pretreatment by addition of reducing agent and 
flushing with N2 gas over the medium were established in 60 mL butyl rubber seal-serum bottles. The 
working volume of all cultures was 50 mL and the fermentation process were carried out at 37 ◦C. RCM 
medium was employed throughout the study. Where noted, PPF was replaced with the same amount of 
sugar. The mixed culture was prepared by dispersing a 10 % inoculum of each organism (C. 
acetobutylicum DSM 1713 and B. cellulolyticus JCM 9156) grown as previously described. All 
experiments were performed at least in duplicate. 
2.5 Analytical methods  
Cell growth was determined by the measurement of optical density at 660 nm (OD660) by a 
spectrophotometer (Libra S22, England). During the fermentation period (168 h), a 1.5 mL sample was 
taken every 24 h using a syringe and centrifuged at 8000 rpm, 4 ◦C for 25 min. The supernatant was 
analyzed for ABE, organic acids, residual reducing sugar concentrations and cellulase activity. ABE and 
organic acids were measured by gas chromatography (Hewlett Packard) using a glass column (HP-
INNOWax Polyethylene Glycol) and a flame ionization detector with helium as the carrier gas. The 
temperature of the detector and injector were maintained at 270 and 230 ◦C, respectively. The cellulose 
and lignin amounts were estimated by the method of A.O.A.C [6]. The reducing sugar amounts were 
estimated by the dinitrosalicylic acid (DNS) method of Miller [7] using a glucose standard calibration 
curve. Cellulase activity was determined by the method of Wood and Bhat. The reaction mixture 
consisted of 2 % carboxymethy cellulose, 1 mL of 0.05 M acetate buffer (pH 4.8), and a 0.5 mL sample. 
After 30 min of incubation at 50 ◦C, the reaction was stopped by boiling at 100 ◦C for 5 min. The control 
was carried out in the same manner using a sample previously inactivated by boiling for 5 min. The 
liberated reducing sugars were estimated by the DNS method as previously mentioned. One unit (U) of 
cellulase is defined as the amount of enzyme that releases 1 mole of glucose equivalent per min under the 
assay conditions. The total nitrogen content in the yeast extract, meat extract, peptone and isolated soy 
protein used in this study was 11.1, 12, 14.2, 3.43 % respectively. 
3. Results and Discussion 
3.1 The composition of palm pressed fiber 
The cellulose, hemicellulose and lignin content of PPF were 30.18, 23.16 and 22.85 % (w/w), 
respectively, which were close to the results of Aziz et al. [7]. They reported that palm pressed fiber have 
the amount of cellulose and lignin of 32.4 and 20.5 % (w/w), respectively. Table 1 showed that the 
amount of cellulose in PPF was less than those found in lumber waste, corncob and rice straw. The 
amount of lignin in the PPF was similar to those in other agricultural raw materials. Although, palm 
empty fruit bunches contained higher amount of cellulose 50.4 %, PPF are smaller and easier to be 
grinded to small particle resulting in lower costs of physical pretreatment. 
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3.2 Pretreatment of palm pressed fiber 
PPF was pretreated by hydrothermal, acid and base to remove lignin and obtain high cellulose content 
fiber. For hydrothermal pretreatment, PPF was added in 50 mL distilled water and autoclaved at 121 ๐C 
for 15 min. For acid pretreatment, PPF 5 g was soaked in 50 mL of 0.5 % sulfuric acid for 15 min and 
autoclaved at 121 ๐C for 15 min. For base pretreatment, PPF 5 g was soaked in 50 mL of 10 % sodium 
hydroxide and boiled for 15 min. The results are shown in Table 2. After hydrothermal treatment, the 
percentage of cellulose content was increased to 41.15 ± 0.58 %. The percentage of hemicellulose and 
lignin slightly decreased to 22.44±0.85 % and 22.85±0.7 %, respectively. It was reported that the heating 
will leak and destroy the crystal structure of cellulose [8]. The pretreatment of PPF with heat reduced 
total dry weight to 84.80±0.45 %. The pretreatment of PPF by acid increased the cellulose content up to 
65.40±0.58 %. The amount of hemicellulose and lignin decreased to 14.32±0.65 and 10.25±0.75 %, 
respectively. However, the total dry weight reduced to 63.28±0.55%. The pretreatment with base gave 
less cellulose content compared to the pretreatment with acid. The base pretreatment also reduced the 
total dry weight of PPF to 62.20 ± 0.45 %. Among four pretreatment, the pretreatment with base followed 
by acid gave highest cellulose content of 76.32±0.54 % and reduced the amount of hemicellulose and 
lignin to 6.45±0.58 and 7.85±0.60 %, respectively.  
 
Table 1.  Cellulose, hemicellulose, and lignin contents in palm pressed fiber and agriculture materials. 
 
Table 2. Palm press fiber after pre-treatment. 
 
 
Pretreatment 
Palm press fiber  after pretreatment 
(percent by dry weight) 
Content of palm press fiber after pretreatment 
(percent by dry weight) 
Cellulose Hemicellulose Lignin 
Control 100 30.18±0.6 23.16±0.85 22.85±0.7 
Hydrothermal 84.80±0.45 41.15±0.58 22.44±0.63 22.16±0.82 
Acid treatment 63.28±0.55 65.40±0.58 14.32±0.65 10.25±0.75 
Base treatment 62.20±0.45 53.12±0.50 13.16±0.58 21.35±0.62 
Base followed by 
Acid treatment 47.00±0.38 76.32±0.54 6.45±0.58 7.85±0.60 
 
Note : Ratio of palm pressed fiber: chemical solution was 1:10; Control: unpretreated palm press fiber;  Hydrothermal: soaked in 
water 15 min/autoclave 121 ๐C 15 min; Acid treatment: soaked in 0.5 % H2SO4 15 min/autoclaved 121 ๐C 15 min; Base treatment: 
soaked in 10 % NaOH/boiled 15 min. 
 
Zhu et al. [9] also found that the pretreatment of rice straw by alkali and acid increased cellulose 
content up to 75-80 %. The amount of hemicellulose and lignin content also significantly decreased to 3 
and 3-5% respectively. While the pretreatment with alkaline or acid alone gave similar  lignin and 
 
Raw Material 
Content (percent by dry weight)  
Reference Cellulose Hemicellulose Lignin 
Palm press fiber 30.18±0.6 23.16±0.85 22.85±0.7 This research 
Palm press fiber 32.40±0.8 - 20.50±0.7 Aziz et al., 2002 
Palm empty fruit 
bunches            
 
50.40±1.2 
 
21.90±1.4 
 
10.00±1.7 
 
Umikalson  et al., 1997 
Corncob 41.20±0.5 25.80±0.5 21.30±0.4 Zhu  et al., 2006 
Rice straw 38.60±0.4 19.70±0.5 13.60±0.6 Zhu  et al., 2005 
Lumber waste 45-56 10-25 18-30 Saymanopan and 
Chatprasert, 1997; Martin, 
1991 
Cassava 32.20 13.85 26.96 
 Watchara Ponthein and Benjamas Cheirsilp /  Energy Procedia  9 ( 2011 )  459 – 467 463
hemicellulose content  at 7-23 and 7-15 %, respectively. According to Silverstein et al. [10], the 
preparation of cotton by sodium hydroxide could hydrolyze the cellulose content into glucose and the 
hemicellulose content into xylose. Umikalsom (1998) [11] reported that the cellulose content of palm 
empty fruit bunch pretreated with sodium hydroxide, nitric acid and hydrochloric acid were not 
different. However, the pretreatment of palm empty fruit bunch with sodium hydroxide could efficiently 
remove lignin and made the structure of palm empty fruit bunch suitable for being hydrolyzed by 
cellulase. 
3.3 ABE production from pretreated PPF by single and mixed cultures 
The single culture of C. acetobutylicum DSM 1713 was established in 60 mL butyl rubber seal-serum 
bottles using RCM medium with addition of reducing agent (L-cyteine) and fluxed with N2 gas over the 
medium. The base and acid pretreated PPF were used as a carbon source at the concentration of 5.0 g/L. 
The mixed culture of C. acetobutylium DSM 1713 and B. cellulolyticus JCM 9156 were established using 
RCM medium without addition of reducing agent and fluxing with N2 gas. It was being stirred at 60 rpm. 
The results are shown in Fig. 1. The single culture without addition of cellulase produced very low ABE 
only 0.492 g/L (acetone 0.093, butanol 0.269 and ethanol 0.130 g/L) and 1.422 g/L of total acids (acetic 
acid 0.153 and butyric acid 1.269 g/L) (Fig. 1A). It was because this strain was not able to produce 
enough cellulase activity (C. acetobutylicum DSM 1713 produced only 0.20 U/mL of cellulase). 
Therefore, the single culture with the addition of cellulase (30 units) was established. The single culture 
with addition of cellulase produced ABE up to 3.97 g/L (acetone 0.097, butanol 3.707 and ethanol 0.166 
g/L) and 1.636 g/L of total acids (acetic acid 0.674 and butyric acid 0.962 g/L) at 144 h (Fig. 1B). In the 
mixed culture without addition of cellulase produced very low ABE of 0.254 g/L (acetone 0.065, butanol 
0.048 and ethanol 0.141 g/L) and 1.566 g/L of total acids (acetic acid 0.141 and butyric acid 1.415 g/L) at 
144 h (Fig. 1C). Addition of cellulase in the mixed culture gave the high ABE of 3.95 g/L (acetone 0.066, 
butanol 3.767 and ethanol 0.116 g/L) and total acid was 0.945 g/L (acetic acid 0.142 and butyric acid 
0.803 g/L) at 144 h (Fig. 1D).  
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
Fig. 1. Time course of ABE production using pretreated PPF as a carbon source. A. Products from single culture; B. Products from 
single culture with addition of cellulase; C. Products from mixed culture; D. Products from mixed culture with addition of cellulase. 
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Although, cellulase producing Bacillus was mixed with the Clostridium, the products from the single 
and mixed cultures were not significantly different. It might be because the Bacillus was not able to 
produce sufficient cellulase under anaerobic condition. However, the Bacillus as aerobic organism would 
consume any available oxygen in the medium and maintain anaerobic conditions for clostridial growth. 
There would thus be a reduced need to supply any costly reducing agent into the fermentation medium. 
This could reduce the costs of the fermentation process.  
The ABE production from pretreated PPF was compared to the production from glucose. Five 
experiments were conducted: (A) using 5 g/L glucose as a carbon source; (B) using 5 g/L pretreated PPF 
supplemented with 5 g/L glucose; (C) using 5 g/L pretreated PPF as a sole carbon source; (D) using 5 g/L 
pretreated PPF as a sole carbon source and added with cellulase and (E) using 5 g/L pretreated PPF 
supplemented with 5 g/L glucose and added with cellulase. The results are shown in Fig. 2. The ABE 
production from glucose was 3.103 g/L (acetone 0.033, butanol 2.789 and ethanol 0.281 g/L) and total 
acids was 2.585 g/L (acetic acid 1.96 and butyric acid 0.625 g/L) at 144 h (Fig. 2A). The fermentation of 
pretreated PPF alone gave very low ABE (0.195 g/L) but high total acids (2.256 g/L) (Fig. 2C). It could 
be due to the unavailable sugar for Clostrium to further convert acids to ABE. Therefore, the fermentation 
of pretreated PPF was supplemented with glucose. The results in Fig. 2B showed that the Clostridium 
produced ABE up to 3.55 g/L (acetone 0.12, butanol 3.02 and ethanol 0.43 g/L) and 2.42 g/L total acids 
(acetic acid 1.53 and butyric acid 0.89 g/L) at 144 h. It was obvious that the ABE was mostly produced  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Products from mixed culture using different carbon. A. Glucose 5 g/L; B. Glucose 5 g/L and PPF 5 g/L; C. PPF 5 g/L; D. 
PPF 5 g/L with addition of cellulase; E. Glucose 5 g/L and PPF 5 g/L with addition of cellulase. 
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from glucose. The fermentation of pretreated PPF added with cellulase produced ABE up to 3.98 g/L 
(acetone 0.06, butanol 2.90 and ethanol 1.02 g/L) and 1.42 g/L total acids (acetic acid 1.17 and 0.25 g/L) 
at 144 h (Fig. 2D). It was expected that the supplement of glucose would enhance the conversion of acids 
to ABE. The fermentation of pretreated PPF added with cellulase and supplemented with glucose 
produced ABE at 6.24 g/L, which was lower than the sum of ABE from glucose and pretreated PPF 
added with cellulase. 
 
3.4 Optimization of ABE production from pretreated PPF 
3.4.1 Concentration of pretreated PPF 
The concentration of pretreated PPF was varied at 5, 10, 15 and 20 g/L (Fig. 3). The ABE production 
using 5 g/L pretreated PPF was 3.95 g/L (acetone 0.07, butanol 3.77 and ethanol 0.12 g/L) and 0.94 g/L 
total acids (acetic acid 0.14 and butyric acid 0.8 g/L) at 144 h (Fig. 3A). Increasing concentration of 
pretreated PPF up to 20 g/L, the ABE production increased up to 4.33 g/L (Fig. 3D). Although the 
concentration of pretreated PPF was increased 4 times, the ABE production increased only 0.38 g/L. This 
could be due to the unsufficient amount of nitrogen source. Therefore, the suitable concentration of yeast 
extract as a sole nitrogen source was investigated.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Effect of concentration of PPF on products formation by mixed culture. A: PPF 5 g/L; B: PPF 10 g/L; C: PPF 15 g/L; D: PPF 
20 g/L. 
3.4.2 Concentration of yeast extract  
The concentration of pretreated PPF was 5 g/L and the concentration of yeast extract (YE) was varied 
at 3, 6, 9 and 18 g/L (Fig. 4). The results showed that increasing concentration of YE from 3 to 9 g/L 
increased the ABE production from 0.22 to 4.02 g/L. However, when increased YE concentration from 9 
g/L up to 18 g/L the ABE production decreased from 4.02 g/L to 0.28 g/L. At this concentration 2.57 g/L 
of total acids was produced but it was not converted to ABE. The high amount of acids may inhibit the 
cell activity resulting in lower ABE production.  
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3.4.3 Concentration of Isolated soy protein  
To reduce the cost of nitrogen source, isolated soy protein (ISP) was used as a sole nitrogen source and 
its concentration was varied from 3 to 9 g/L (Fig. 5). The results showed that ISP could be used as a sole 
nitrogen source for ABE production. When increasing the concentration of ISP from 3 g/L to 9 g/L the 
ABE production increased from 0.051 g/L to 4.95 g/L (acetone 0.44, butanol 4.11 and ethanol 0.40 g/L).  
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4 Effect of concentration of yeast extract (YE) on products formation by mixed culture. A: YE 3 g/L; B: YE 6 g/L; C: YE 9 
g/L; D: YE 18 g/L. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
Fig. 5. Effect of concentration of isolated soy protein (ISP) on products formation by mixed culture. A: ISP 3 g/L; B: ISP 4.5 g/L; C: 
ISP 6 g/L; D: ISP 9 g/L. 
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4. Conclusions 
The pretreatment of palm pressed fiber (PPF) with both NaOH and H2SO4 reduced significantly lignin 
content and increased cellulose content up to 76.32±0.54% (w/w). The single and mixed cultures with the 
addition of 30 U cellulase gave the ABE production of 3.97 and 3.95 g/L, respectively. Although, the 
mixed culture did not improve ABE production, it could reduce the use of reducing agent and nitrogen 
gas to ensure the anaerobic condition. The isolated soy protein as a cheap nitrogen source could be used 
to replace yeast extract. This could significantly reduce the cost of the ABE production. The optimum 
condition for ABE production by the mixed culture using pretreated PPF was 5 g/L PPF and 9 g/L 
isolated soy protein (ISP) with the addition of 30 U cellulase.  
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